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(54) Soy protein and plant sterol containing composition for the reduction of low density 
lipoprotein cholesterol concentration 

(57) The present invention is a composition com- 
prising a plant sterol and a soy protein material and/or 
and isoflavone selected from genistein, daidzein, gly- 
crtein, biochanin A, formononetin, and their naturally 
occurring glycosides, where the plant sterol comprises 
at least 0.49% of the composition, by weight. The 
present invention is also a method for decreasing the 
blood concentration of total and LDL cholesterol in a 
human in which a plant sterol and a soy protein material 
and/or an isoflavone are co-administered to the human, 
where the plant sterol comprises at least 0.49%, by 
weight, of the combined weight of the plant sterol and 
the soy protein material and/or the isoflavone. The 
present invention is also a method for preventing or min- 
imising the development of atherosclerosis in a human 
in which a plant sterol and a soy protein material and/or 
an isoflavone are co-administered to the human, where 
the plant sterol comprises at least 0.49%, by weight, of 
the combined weight of the plant sterol and the soy pro- 
tein material and/or the isoflavone. 
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Description 

"[0001] The present invention relates to compositions for and methods or reducing low density lipoprotein choles- 
terol and total cholesterol concentrations in the blood. In particular, the present invention relates to compositions con- 
taining plant sterols, soy protein, and isoflavones, and combinations thereof, which are useful for lowering LDL- 
cholesterol and total cholesterol blood concentrations and for preventing or minimising development of atherosclerosis. 
[0002] Cardiovascular disease is a leading cause of morbidity and mortality, particularly in the United States and in 
Western European countries. Several causative factors are implicated in the development of cardiovascular disease 
including hereditary predisposition to the disease, gender, lifestyle factors such as smoking and diet, age, hypertension, 
and hyperlipidemia, including hypercholesteremia. Several of these factors, particularly hyperiipidemia and hyperc- 
holesteremia, contribute to the development of atherosclerosis, a primary cause of vascular and heart disease. 
[0003] High blood cholesterol concentration is one of the major risk factors for vascular disease and coronary heart 
disease in humans. Elevated low density lipoprotein cholesterol (hereafter "LDL-cholesterol") and elevated total choles- 
terol are directly related to an increased risk of coronary heart disease. Cholesterol and Mo rtality: 30 Years of Follow- 
Up from the Framingham Study, Anderson, Castelli, & Levy, JAMA, Vol. 257, pp. 2176-80 (1 987). 
[0004] Ingestion of soy protein materials in the diet is associated with a lower risk of coronary heart disease, which 
may reflect decreases in serum cholesterol levels. Soy protein materials are known to reduce total cholesterol and LDL- 
cholesterol levels in the blood of animals. A recent meta-analysis of the effects of soy protein intake on serum lipids in 
humans has shown that dietary soy protein is significantly related to lowering serum concentrations of total cholesterol 

> and LDL-cholesterol in humans. M eta-Analysis of the Effects of Soy Protein Intake on Serum L ipids, Anderson, John- 
stone, and Cook-Newell, N. Engl. J. Med., Vol. 333, No. 5, pp. 276-82 (1995). 

[0005] Ingestion of phytosterols, compounds which are found in whole soybeans, has also been shown to reduce 
the circulating total and LDL cholesterol levels in the blood. Dietary Phytosterols: A Review of Metabolism, Benefits, and 
Side Effects . Ling & Jones, Life Sci., Vol. 57:3, pp. 195-206 (1995). Phytosterols are sterol compounds produced by 

> plants which are structurally very similar to cholesterol except that they always contain some substitutions at the C 2 4 
position on the sterol side chain. Common plant sterols include the unsaturated sterols p-sitosterol, campesterol, and 
stigmasterol, and their saturated counterparts sitostanol and campestanol, which have the following formulae (I) to (V), 
respectively: 
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(V) 



[0006] Dietary sources of phytosterols are corn oil, soybean oil, and other plant oils which contain the relatively 
>s hydrophobic compounds. 

[0007] The phytoestrogen^ isoflavones are another set of compounds that are found in whole soybeans which 
have recently been recognised as a significant factor in reducing LDL and total cholesterol concentrations in the blood. 
These compounds have the formulae (VI) and (VII), in which the substituent definitions are as shown in the following 
Tables 1 and 2: 
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[0008] As used herein "Mat" represents "malonyl" and "Ac" represents "acetyl". Purified concentrated isoflavones, 
particularly genistein, suppress the biosynthesis of cholesterol as well as prevent the oxidation of LDL cholesterol, an 
important step in the development of atherosclerosis. See e.g., Korean Patent No. 97-20103; Oxidised Low Density 
Lipoprotein-Mediated Activation of Phospholipase D in Smooth Muscle Cells: a Possible Role in Cell Proliferation and 
Atherooenesis. Natarajan et a!., J. Lipid Res. 36:9 pp. 2005-1 6 (Sept. 1 995). 

[0009] In the conventional processing of whole soybeans to produce soy oils, soy protein, and pharmaceutical or 
dietary supplement compositions, the phytosterols, isoflavones, and soy protein are separated. The plant sterols are 
separated from soy protein and the isoflavones into a soy oil fraction which contains fats and fat solubles by mechanical 
or chemical extraction of dehulled soybeans, The soy oil fraction is separated from the remaining soy materials - the 
"defatted soy material" - for use in soy and vegetable oils, which may be further processed to form shortenings, mar- 
garines, and lecithin. 

[0010] The defatted soy materials, usually defatted soy flakes, are used as a starting material to produce products 
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containing substantial amounts of soy protein such as soy protein concentrates and soy protein isolates. The defatted 
soy materials used to produce soy protein products also contain the isoflavones. However, In conventional processes 
for the production of soy protein materials, such as soy protein concentrates and soy protein isolates, substantial 
amounts of the isoflavones are separated from the soy protein material by washing the soy protein material with an alco- 
hol extract or an aqueous extract. See, e.g., Soy Protein Products. Characteristics. Nutritional Aspects, and Utilisation , 
"pp. 3-6 (Pub. Soy Protein Council, 1987). 

[0011] in the commercial production of soy protein materials the focus has been to separate the isoflavones from 
the soy protein material since isoflavones have been associated with poor taste, odour, and/or colour when present in 
a soy protein material. For example, U.S. Pat. No. 5,804,234 teaches a process for removing isoflavones from a soy- 
bean material by contacting the protein material with an adsorbent resin to produce a better tasting soybean protein. 
Alcohol extraction of soy protein materials is particularly preferred since alcohol extraction is purported to produce a 
better tasting vegetable protein material than aqueous extraction, in part because alcohol is quite effective in removing 
isoflavones from the soy protein material. See, e.g., Japanese Patent No. 63-245.648A. 

[0012] Recent efforts have also been focused on separating the isoflavones from plant materials in which they 
occur, particularly soy beans and clover, to provide a purified isoflavone material which can be used to provide health 
benefits. For example, the following patents disclose various methods of separating isoflavones from plant materials: 
U.S. Patent Nos. 4,428,876; 5,702,752; 5,679,806; 4,390,559; 4,366,248; 4,366,082; 4,264,509; 4,232,122; 4,157,984; 
Japanese Patent Nos. 1-258669A; 5-170756A; 41-90720A; 62-1 261 86A; 62-1 261 85A; and PCT Patent Application No. 
WO 93/23069. The separated isoflavone compounds may be used in pharmaceutical compositions or dietary suppie- 

> ment compositions to prevent or treat a variety of deleterious health conditions including lowering elevated cholesterol 
levels. For example, the separated isoflavone materials may be utilised in pharmaceutical or dietary supplement com- 
positions as described in U.S. Patent Nos. 5,516,528; 5,424,331; 5,569,459; 5,654,01 1 and PCT Patent Application No. 
WO 93/23069. 

[001 3] New methods and compositions utilising soy components and which are capable of providing significant low- 

> ering of LDL and total cholesterol levels in the blood to significantly reduce the risk of atherosclerosis and coronary 
heart disease remain desirable. 

[0014] In one aspect, the present invention is a composition containing a soy protein material containing at least 
49% soy protem by dry weight of the soy protein material, at least one isoflavone selected from genistein, daidzein, gly- 
citein, biochanin A, formononetin, and their respective naturally occurring glycosides and glycoside conjugates, and a 
? plant sterol, where the plant sterol forms at least 0.49% of the composition by weight. 

[0015] In another aspect, the present invention is a composition containing a soy protein material which contains at 
least 49% soy protein by dry weight of the soy protein material, and a plant sterol, where the plant sterol forms at least 
0.49% of the composition by weight. 

[0016] In a further aspect, the present invention is a composition containing at least one isoflavone selected from 
5 genistein, daidzein, glycitein, biochanin A, formononetin, and their respective naturally occurring glycosides and glyco- 
side conjugates, and a plant sterol, where the plant sterol forms at least 0.49% of the composition by weight. 
[0017] In yet another aspect, the present invention is a method for lowering the concentration of LDL and total cho- 
lesterol in the blood of a human in which a soy protein material containing at least 49% soy protein by dry weight of the 
soy protein material, an isoflavone selected from the group consisting of genistein, daidzein, glycitein, biochanin A, for- 
o mononetin, and their respective naturally occurring glycosides and glycoside conjugates, and a plant sterol are co- 
administered to the human to decrease the concentration of LDL and total cholesterol in the blood of the human. The 
plant sterol is co-administered in an amount such that the plant sterol comprises at least 0.49% of the combined weight 
of the co -administered soy protein material, isoflavone, and plant sterol. In a preferred aspect, the plant sterol, soy pro- 
tein material, and isoflavone are co- administered to the human to prevent or minimise the development of atheroscle- 
'■5 rosis in the human. 

[0018] In still another aspect, the present invention is a method for lowering the concentration of low density lipo- 
protein cholesterol and total cholesterol in the blood of a human in which a soy protein material containing at least 49% 
soy protein by dry weight of the soy protein material and a plant sterol are co-administered to a human to decrease the 
concentration of LDL and total cholesterol in the blood of the human. The plant sterol is co- administered in an amount 
;o such that the plant sterol comprises at least 0.49% of the combined weight of the co-administered soy protein material 
and plant sterol. In a preferred aspect, the plant sterol and the soy protein material are co -ad ministered to the human 
to prevent or minimise the development of atherosclerosis in the human. 

[0019] In yet another aspect, the present invention is a method for lowering the concentration of low density lipo- 
protein cholesterol and total cholesterol in the blood of a human in which a plant sterol and an isoflavone selected from 
55 the group consisting of genistein, daidzein, glycitein, biochanin A, formononetin, and their respective naturally occurring 
glycosides and glycoside conjugates are co -administered to the human to decrease the concentration of LDL and total 
cholesterol in the blood of the human. The plant sterol is co-administered in an amount such that the plant sterol com- 
prises at least 0.49% of the combined weight of the co-administered isoflavone and the plant sterol. In a preferred 
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aspect, the plant sterol and the isoflavone are co-administered to the human to prevent or minimise the development of 
atherosclerosis in the human. 

[0020] In a further aspect, the present invention is a composition containing a soy hypocotyl material and a plant 
sterol, where the plant sterol forms at least 0.49% of the composition by weight. 

5 [0021] As used herein, the term "minimise", or a derivative thereof, includes a complete or partial inhibition of a 
specified biological effect (which is apparent from the context in which the term minimise is used). Also, as used herein, 
the term "isoflavone" or "phytoestrogen" may mean both a single isoflavone or phytoestrogen, or plural isoflavones or 
phytoestrogens when the "isoflavone" or "phytoestrogen" is defined as at least one of a selected group of isoflavones. 
The term "isoflavone glycoside" refers to an isoflavone moiety having a carbohydrate monomer moiety covaientfy 

10 bonded thereto. The term "isoflavone glycoside conjugate" refers to an isoflavone glycoside having another molecular 
moiety, such as an ester, bonded to the carbohydrate portion of the isoflavone glycoside. Also, as used herein, a "phar- 
maceutical preparation" is a compound or a mixture of compounds combined with an excipient which is effective to 
deliver the compound or compounds to a human as prescribed by a physician. An "over-the-counter preparation" is a 
compound or mixture of compounds combined with an excipient which is effective to deliver the compound or com- 

15 pounds to a human which does not require a prescription from a physician in order to be administered to the human. 
[0022] The present invention resides in the discovery that plant sterols in combination with soy protein materials 
and/or isoflavones synergistics lly lower low density lipoprotein cholesterol and total cholesterol levels in the blood of a 
human when co-administered in amounts effective to induce the cholesterol lowering activity of each of the co-admin- 
istered components. The present invention, therefore, is directed to compositions for and methods of decreasing LDL 

20 and total cholesterol concentrations in the blood wrth combinations of plant sterols (also known as "phytosterois"), soy 
protein materials and/or selected isoflavones,, Furthermore, plant sterols in combination with soy protein materials and 
particularly with isoflavones are effective to prevent or minimise the development of atherosclerosis by reducing the LDL 
and total cholesterol concentrations in the blood, as well as by antioxidant effects and tyrosine kinase inhibition. There- 
fore, the present invention is also directed to compositions for and methods of preventing or minimising the development 

25 of atherosclerosis. 

Compositions 

[0023] In one embodiment, the compositions of the present invention include a plant sterol in combination with 
30 either a soy protein material containing at least 49% soy protein by dry weight of the soy protein material or with at least 
one isoflavone selected from genistein, daidzein, glycitein, biochanin A, formononetin, and their naturally occurring gly- 
cosides and glycoside conjugates, or a plant sterol in combination with both an isoflavone and a soy protein material. 
Most preferably the composition contains all three components, a plant sterol, a soy protein material, and an isoflavone, 
so that the LDL and total cholesterol decreasing effects o1 each component are co-operatively utilised. 
35 [0024] In another embodiment, the compositions of the present invention include a plant sterol in combination with 
a soy hypocotyl material, which typically contains from about 37% to about 44% soy protein by weight.. The soy 
hypocotyl/plant sterol composition may additionally include at least one isoflavone selected from genistein, daidzein, 
glycitein, biochanin A, formononetin, and their naturally occurring glycosides and glycoside conjugates. 

40 Plant sterols 

[0025] The plant sterols which may be used in the composition include both saturated and unsaturated plant ster- 
ols. Preferred unsaturated plant sterols which may be utilised in the composition of the invention are p-sitosterol, 
campesterol, and stigmasterol, and preferred saturated plant sterols which may be used in the composition are 

45 campestanol and sitostanol. The unsaturated sterols p-sitosterol and campesterol are particularly preferred 

[0026] The amount of plant sterols in the present composition is at least 0.49% of the total weight of the composi- 
tion, more preferably from about 0.5% to about 99.6% of the total weight of the composition, and most preferably from 
about 1% to about 60% of the total weight of the composition. The relative amount of plant sterols in the composition 
will depend on whether the composition contains a soy protein material. If the composition contains a soy protein mate- 

50 rial, generally the amount of plant sterols in the composition, as a percent of the total weight of the composition, will be 
significantly less than if the composition does not contain a soy protein material. 

Soy protein materials 

55 [0027] In one embodiment, the soy protein materials which may be used in a composition of the present invention 
are soy protein materials which contain at least 49% soy protein by dry weight of the soy protein containing material. 
Preferred soy protein materials which contain at least 49% soy protein by dry weight are defatted soy flours and soy 
flakes, which contain from 49% soy protein to about 65% soy protein by weight; soy protein concentrates, which contain 
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from at least 65% soy protein to about 90% soy protein by weight; and soy protein isolates, which contain at least 90% 
soy protein by weight. Soy protein concentrates and soy protein isolates are particularly preterred. In another embodi- 
ment, the soy protein materials that may be used in a composition of the present invention are soy hypocotyl materials. 
[0028] The amount of soy protein materials in the present composition ranges from 0% to 99.51% by total weight 
of the composition. When a soy protein material is included in the composition, it preferably comprises at least a major- 
ity of the composition, more preferably being present from about 55% to about 99.51%, even more preferably from 
about 75% to about 99.51%, and most preferably from about 80% to about 99.5% of the total weight of the composition. 
A soy protein material will be always be included in the composition if the composition contains no isoflavones. 

Isoflavones 



[0029] The isoflavones which may be used in a composition of the present invention are the aglucone isoflavones 
genistein, daidzein, glycitein, biochanin A, formononetin, of formula (VI), and the naturally occurring glycosides and gly- 
coside conjugates of these aglucone isoflavones including genistin, 6"-0-Mal genistin, 6"-0-Ac genistin, daidzin, 6"-0- 
Mal daidzin, 6"-0-Ac daidzin, glycitin, and 6"-0-Wal glycitin, of formula (VII). One or more of the isoflavones may be 
used in the composition. The aglucone isoflavones are particularly preferred since they are the most biologically active 
of the isoflavones. The most preferred isoflavones for use in the composition are genistein, daidzein, biochanin A and/or 
formononetin. 

[0030] The amount of isoflavone in the composition ranges from 0% to about 66%, by total weight of the composi- 
tion When the soy protein material is included in the composition the amount of isoflavone in the composition ranges 
from about 0% to about 15% by total weight of the composition. Most preferably the isoflavone is present in an amount 
from about 0.0066% to about 10% of the composition by total weight. The isoflavone will always be included in the com- 
position if the composition contains no soy protein material. 

[0031] The composition of the present invention may be prepared by obtaining and combining the above described 
components using processes and procedures well known in the art. 

[0032] The plant sterol may be obtained by extracting and isolating a plant sterol from a plant or by chemically syn- 
thesising the sterol. Alternatively, an oil containing a plant sterol which is extracted from a plant containing plant sterols 
may be utilised in the composition in sufficient amounts to provide the desired levels of plant sterol in the composition, 
where the oil is extracted from the plant in accordance with conventional methods for recovering plant oils. 
[0033] In a preferred embodiment the plant sterol is obtained from soy oil as a non-sapon'rfiable fraction of the soy 
oil according to the method provided in U.S, Patent No. 3,993,756 (particularly Example 10). Briefly, a nonsaponifiable 
fraction of soybean oil containing about 40-50% by weight plant sterols is obtained from whole soybeans. Soy oil is 
obtained from the whole soybeans by conventional cracking, denuding, flaking, and extraction procedures. The soy oit 
is purified by conventional soy oil purification procedures until the final deodorization step. The deodorization of the soy 
oil is conducted at 225°C-235°C at reduced pressures of 2-3 mm Hg to distiil and separate an extract containing the 
plant sterols from the soy oil. The free fatty acids contained in the extract are convened to methyl esters by refluxing the 
extract with methanol and concentrated sulphuric acid, (by weight 1g extracts .72g methanol:0.019g sulphuric acid) at 
65-70°C for 3-4 hours. After stopping the reaction, the methanol is removed under reduced pressure and the residual 
oily material is washed with water at 80°-100°C to remove the sulphuric acid. The methyl esters of the fatty acids are 
then removed by distillation at 1 70-1 90°C at 20-30 mm Hg. The resulting residue is purified to provide a nonsaponifiable 
fraction of soybean oil containing 40-50% plant sterols. The plant sterolsTn the nonsaponifiable fraction are (} -sitosterol, 
campesterol, and stigmasterol. The non-saponifiable fraction may be further purified by HPLC to obtain each individual 
plant sterol, or more preferably, may be used directly as the plant sterol source in the present composition. 
[0034] (S-sitosterol may also be extracted from several other plant oils according to known procedures, p-sitosterol 
can be isolated from wheat germ oil and from corn oil according to the procedures set forth by Anderson et al in J. Am. 
Chem. Soc., 48, 2897 (1926); from rye germ oil by the method of Gloyeret al J. Am. Chem. Soc, 61, 1901 (1939); from 
cottonseed oil by the method of Wallis in J. Org. Chem., 2, 335 (1 937); and from tall oil by the method of Sandqvist et 
at in Ber. 64, 2167 (1931). 

[0035] Campesterol may be extracted from other plant oils as well according to known procedures provided by 
Fernholz et al in J Am. Chem. Soc. ,63, 1 1 55 (1 941 ). Campesterol may also be synthesised by the procedure of Tarzia 
et al, Gazz. Chim. Ital., 97, 102 (1967) and Chem Abstr., 67, 32883q (1967). Stigmasterol may be isolated from soy or 
calabar beans. 

[0036] The saturated plant sterols may be obtained from their unsaturated counterparts by hydrogenation. Utilising 
conventional hydrogenation procedures p-sitosterol and stigmasterol may be converted to sitostanol and campesterol 
may be converted to campestanol. 

[0037] Certain of the plant sterols are commercially available, and may purchased directly for incorporation into the 
present composition. For example, campesterol and stigmasterol may be purchased from Aldrich Chemical Company, 
Inc., 940 West Saint Paul Avenue, Milwaukee, Wisconsin, p-sitosterol and sitostanol may be purchased from Sigma 
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Chemical Company, 3050 Spruce Street, St. Louis, Missouri. 

[0038] In one embodiment, the soy protein material is a defatted soy protein flour or grit, a soy protein concentrate, 
or a soy protein isolate, each of which contains at least 49% soy protein by weight. To obtain a defatted soy flour or soy 
grit, whole soybeans are cleaned, cracked, flaked, and defatted according to conventional soybean processing methods 

5 to produce defatted soy flakes, chips, meal, or cake, from which soy flour and soy grit may be produced. Defatted soy 
flakes and soy meal are also commercially available. Defatted soy flour and defatted soy grit are produced from the : 
defatted soy flakes, chips, meal, or cake by comminuting the material into a finely divided form according to conven- 
tional processes. The defatted soy flour is comminuted into particles sized 1 50u, or less (sufficient to permit the particles 
to pass through a No. 100 U.S. screen mesh), and the defatted soy grit is comminuted into particles sized from about 

10 1 50ji to about 2000u (sufficient to permit the particles to pass through No. 1 0 - No. 80 U.S. screen meshes). The defat- 
ted soy flour and the defatted soy grit contain from 49% soy protein to about 65% soy protein by weight, where the 
remainder of the soy flour and soy grit is formed of primarily of carbohydrates, soy fibre, and ash. Defatted soy flour and 
soy grit are commercially available and may be acquired for direct incorporation into the present composition. 
[0039] Preferably the soy protein material used in the composition is a soy protein concentrate or a soy protein iso- 

15 late, which contain significantly more soy protein than a soy flour or grit. A soy protein concentrate contains from about 
65% soy protein to about 90% soy protein by weight, where the remainder of the soy protein concentrate is primarily 
soy fibre and other polysaccharides. A soy protein concentrate for use in the composition of the present invention may 
be formed by conventional processes for producing soy protein concentrates which include (i) washing defatted soy 
flakes or soy flour with an aqueous alcohol, preferably aqueous ethanol or methanol; (ii) washing defatted soy flakes or 

20 soy flour with a dilute acid having a pH at about the isoelectric point of soy protein (pH 4.4 - 4.6); or (iii) heating defatted 
soy flakes or soy flour with moisture to denature the protein, then washing the flakes or flour with water. Soy protein con- 
centrates are commercially available and may be acquired for direct incorporation into the present compositions. 
[0040] Most preferably the soy protein material used in the composition of the invention is a soy protein isolate (also 
known as an isolated soy protein), which has the highest soy protein content of processed soy protein materials. A soy 

25 protein isolate contains at least about 90% soy protein by weight, where the remainder of the soy protein isolate is pri- 
marily formed of ash and moisture. A soy protein isolate for use in the composition of the present invention may be 
formed by a conventional process for forming soy protein isolates in which defatted soy flakes are extracted with an 
aqueous solution having a pH of from about 6 to about 1 1 , preferably a dilute aqueous sodium, calcium, or ammonium 
hydroxide solution, and an extract containing soluble protein is separated from insoluble materials such soy fibre and 

30 other insoluble polysaccharides. The pH of the separated extract is adjusted to about the isoelectric point of soy protein, 
preferably about pH 4.4 - 4.6, to precipitate the protein. The precipitated protein is separated from the liquid fraction of 
the extract to separate the protein from soluble carbohydrates. The separated protein is then washed, and may be neu- 
tralised, to provide the soy protein isolate Soy protein isolates are commercially available and may be acquired for 
direct incorporation into the composition of the present invention. 

35 [0041 ] In another embodiment, the soy protein material is a soy hypocotyl material, which contains from about 37% 
to about 44% soy protein by weight. To obtain a soy hypocotyl material, whole soybeans are dehulled, and the soy cot- 
yledons are split in accordance with conventional soy processing techniques. The hypocotyls become separated follow- 
ing the splitting of the cotyledons, and may be separated and isolated by passing the disturbed soybeans over a sieve 
of sufficient pore size to selectively remove the small hypocotyl. The raw hypocotyl may be ground or milled to produce 

40 a powder or flour. 

[0042] The isoflavone compounds utilised in the present compositions are naturally occurring substances which 
may be found in plants such as legumes, clover, and the root of the kudzu vine (pueraria root). Common legume 
sources of these isoflavone compounds include soy beans, chick peas, and various other types of beans and peas. Clo- 
ver sources of these isoflavone compounds include' red clover and subterranean clover. Soy beans are a particularly 

45 preferred source of the isoflavone compounds (except biochanin A and its glycosides which are not present in soy). 
[0043] The isoflavone compounds may be obtained from the plant sources in which they naturally occur, and sev- 
eral of the isoflavone compounds maybe synthetically prepared by processes known in the art. For example, daidzein 
may be isolated from red clover as disclosed by Wong [J. Sci. FoodAgr., Vol. 1 3, p. 304 (1962)] or may be isolated from 
the mould Micromonospora halophytica as provided by Ganguly and Sarre [Chem. & Ind. (London), p. 201 (1970)]. 

so Daidzein may be synthetically prepared by the methods provided by Baker et al [J. Chem. Soc, p. 274 ( 1 933)], Wesley 
era/. [Ber. Vol 66, p. 685 (1933)], Mahal et al. [J. Chem. Soc, p. 1769 (1934)], Baker et al. [J. Chem. Soc., p. 1852 
(1953)], or Farkas [Ber. Vol. 90, p. 2940 (1957)], The isoflavone glycoside daidzin may be synthetically prepared by the 
method of Farkas era/. [Ber , Vol. 92, p. 819 (1959)]. The daidzein isoflavone glycoside conjugates 6'-0-Mal daidzin 
and 6'-OAc daidzin can be prepared by a conventional saponification of daidzin with a malonyl or an acetyl anhydride, 

55 respectively. 

[0044] Genistein may be synthetically prepared by the methods provided by Baker et al [J. Chem. Soc., p. 3115 
(1 928)]; Narasimhachari et al. [J. Sci. Ind. Res., Vol. 12, p. 287 (1953)]; Yoder ef a/., [Proc. Iowa Acad. Sci., Vol. 61 , p. 
271 (1954)]; and Zemplen et at. [Acta. Chim. Acad. Sci. Hung., Vol. 19, p. 277 (1959)]. The isoflavone glycoside gen- 
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istin may be synthetically prepared by the method of Zemplen ef al. [Ber., Vol. 76B, p. 1 1 1 0 (1 943)]. The Isoflavone con- 
jugates of genlstin, 6'-0-Mal genistin and 6-O-Ac genistin, can be prepared by a convent Ion aJ saponification of genistin 
'with a malonyl or an acetyl anhydride, respectively. 

[0045] Biochanin A can be synthetically prepared by the method provided by Baker ef al. [Nature 769:706 (1 952)]. 
Biochanin A can also be separated from red clover by the method provided by Pope ef al. [Chem. & Ind. (London) p. 
1092 (1953)]. Formononetin can be synthetically prepared by the methods disclosed by Wessely et al. [Ber. 66:685 
(1933)] and Kagel ef al. [Tetrahedron Letters, p. 593 (1 962)]. Formononetin can be isolated from soybean meal by the 
method of Walz [Ann. 489:118(1931)] or can be isolated from clover species by the method of Bradbury etal. [J. Chem. 
Soc. p. 3447 (1951)]. 

? [0046] In a most preferred embodiment, the isoflavone component of the present composition is recovered in a soy 
protein material which is also utilised in the composition. As noted above, isoflavones are naturally occurring com- 
pounds in soy. In the production of soy protein flours, grits, concentrates, and isolates some of the isoflavones may be 
retained in the soy protein materials. Utilisation of appropriate processing techniques while processing the soy protein 
material as described above to produce soy protein flours, grits, concentrates, or isolates will increase the amount of 

s isoflavones retained in the soy protein materials significantly over conventionally processed soy protein materials. Par- 
ticularly, alcohol washing or extraction of the soy protein material should be avoided since isoflavones are highly soluble 
in aqueous alcohol, and soy protein concentrates should not be produced by alcohol washing if isoflavones are to be 
retained in the soy protein material. Furthermore, aqueous washing of the soy protein material should be minimised 
since washing removes the isoflavones from the soy protein. Washing, if conducted, should be conducted at cool to cold 

o temperatures (from 0°C to 45°C) to maximise the insolubility of the isoflavones in the water wash and minimise the loss 
of isoflavones in the wash. The isoflavones in the soy protein material should be converted to their aglucone form, as 
described below, to minimise solubility in water prior to washing or extracting the soy protein material with water. Use 
of the above measures aids in the retention of the isoflavones in the soy protein material soy that the resulting soy pro- 
tein material contains significant amounts of isoflavones. 

5 [0047] In another embodiment, the isoflavone or isoflavones are separated from plant materials in which they nat- 
urally occur for use in the present compositions. A preferred method of isolating the isoflavone compounds from plant 
materials in which they naturally occur is to extract the plant materials with an alcohol, preferably methanol or ethanol, 
or an aqueous solution, preferably an aqueous alkaline solution, to remove the isoflavones from the plant material. It is 
preferred to comminute the plant material before extracting the isoflavone compounds to maximise recovery of the iso- 

o flavone compounds from the plant material. The isoflavone compounds can be isolated from the extract by conventional 
separation procedures such as reverse phase high performance liquid chromatography ("HPLC"). 
[0048] In a preferred embodiment, the isoflavone compounds genistein, genistin, 6*-0-Mai genistin, 6'-OAc genis- 
tin, daidzein, daidzin, 6'-0-Mal daidzin, 6'-0-Ac daidzln, glycitein, glycitin, and 6'-0-Mal glycitin are isolated from a soy 
material, preferably a commercially available soy material. Soy materials from which the isoflavone compounds can be 

is isolated include: soy beans, dehulled soy beans, soy meal, soy flour, soy grits, soy flakes (full fat and defatted), soy cot- 
yledons, soy hypocotyls, soy molasses, soy protein concentrate, soy whey, soy whey protein, and soy protein isolate. In 
one embodiment, the isoflavones are extracted from soy beans, dehulled soy beans, soy meal, soy flour, soy grits, soy 
flakes, soy protein concentrate, soy whey protein, or soy protein isolate, preferably soy meal, soy flour, soy grits, or soy 
flakes, with a low molecular weight organic extractant, preferably an alcohol, ethyl acetate, acetone, or ether, and most 

to preferably aqueous ethyl alcohol or methyl alcohol. Most preferably the extractant has a pH of about the isoelectric point 
of soy protein (about pH 4 to pH 5) to minimise the amount of soy protein extracted by the extractant. 
[0049] The extractant containing the isoflavones is separated from the insoluble soy materials to form an isoflavone 
enriched extract. If desired, an isoflavone enriched material may be recovered by concentrating the extract to remove 
the solvent, thereby producing a solid isoflavone enriched material which may be utilised in the compositions and meth- 

t5 ods of the present invention. 

[0050] In a more preferred embodiment the isoflavone compounds are further purified from other soy materials sol- 
uble in the extract. The isoflavone containing extract is contacted with a material which adsorbs the isoflavones in the 
extract, and the adsorbed isoflavones are eluted out of the adsorbent material with a solvent which causes the isofla- 
vones to be differentially eluted from the adsorbent material. 

50 [0051] In a preferred embodiment, the isoflavones are separated from impurities in the extract by a conventional 
reverse phase HPLC separation. After extraction of the isoflavones from the soy material and separation of the extract 
from the insoluble soy materials, the extract is filtered to remove insoluble materials that could plug an HPLC column. 
An HPLC column is prepared by packing a conventional commercially available HPLC column with a particulate adsorb- 
ent material which will releasably bind the isoflavones and impurities in the extract in a compound specific manner. The 

55 adsorbent material may be any reverse phase HPLC packing material, however, a preferred packing material may be 
chosen by the criteria of load capacity, separation effectiveness, and cost. One such preferred packing material is Kro- 
masil C18 16u.m 100A beads available from Eka Nobel, Nobel Industries, Sweden. 

[0052] The filtered extract is passed through the packed HPLC column until all the binding sites of the column are 
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H?Lct^n m^nT 6 ?' ?T£ T" * appearance of **"»«>"•■ the effluent from the column. The 
HPLC column may then be eluted with a solvent to effect the separation. In a preferred embodiment the eluent Is a 

aTc o 7 ? S , UC , k S ethan °'' methan01 ' 6thyl aCState ' ° r aCet0nMe ' and P re,erab| y * ^ueous lohol having an 
s ethano, °' ^ 3 ° % ab ° U ' 90 % ' ™ S ' pre,erab 'y ab ° ut "*■ -"«< most preferably Z S 

f^ 3 ' '^ flavone com P°"nds and impurities are separately collected from the column effluent The isoflavone 

fractions of th e eluent may be identified from other eluent fractions in accordance with conventional HPLC and anaM 

Z IfT iSOf ' aVOne ,raC,i ° nS 01 ,he e ' Uent ™» be collected ^e column and the volatUecrn. 

ro f The 1 , ,T 7 <e 9 ' ° h0l) b6 rem ° Ved * eva P° ra «°"- soflavone compounds can be recovet d dl ectJy 
« ■ nl ' S rem ° Ved by evaporation ' ° rma V * covered by chiHingthe remaining solvent (e a water and 
centnfugmg or filtering the isoflavones from the remaining solvent oivent (e.g. water) and 

E clan l a a ^? U Jr a e r ' y ^ThI T h b0diment iso,lavone 9'y coside conjugates and isoflavone glycosides recovered 
from a plant material are converted to the.r respective aglucone isoflavone forms. The conversion of the isoflavone atv 

,s the n^T SO, ' aVOne ^ COSWeS 10 thS ag ' UCOne isoflavones can be " d 'he substrate Z which 

be^ evLTrTL "^ ° , ^ ^ *° m *" inS °' Ub,e P ' 3nt malerials - The a 9 lucone is °" a ™ a compounds are 
1h h partlcular| y actlve ln Creasing LDL and total blood cholesterol concentrations and in preventing or m* 
de t Ve, °P me " t ° f atherosclerosis. The aglucone isoflavones are also more easily separated from an extract 
^ conta,n,ng waterthan the.r respective glycoside conjugate and glycoside forms since the aglucones are Z "ol- 

E anlfi" o°M 77 f= osida con i u 9 ates < e 9- 6"-°-M a ' Qenistm, 6"-0-Ac genistin, 6"-0-Mal daidzin, 6"-0-Ac 
formi? ,^ * be C ° nVerted '° their respective OlycMldM (e.g. genistin, daidzin and g ycitin) by 

abZ « JZZ^ a ! kal ' ne u S ° IU,i0n °' ^ ° r SUbStra,e COntainin 9 the "°"««'« h-vlng a pH of about 6 to 

2S 2«C to arZ UTr 7 m 9 k° pH 1 1 ' and ,reatin 9 « ne a <^™s alkaline solutjon at a temperature of about 
lu k ?f„ ' preferab| y about 25 ° c t0 ^O"* 75»C. for a period of time sufficient to effect the conversion prefer 

VI ae°ni «n daid^ ' a ° V? tT' T* *"»* 3 ° ^ f ° ab ° Ut 1 5 h ° u - The -fla^glyco'deL 

(e.g. gen,st,n, daidzin, and glyctin) can be convened to their respective aglucone forms (e.g. genistein daidzein and 

glyc„e,n) by contacting the isoflavone glycosides with an enzyme capabie of cleaving a 1 4lgrycosi* b0 nf- Prefer 
30 at'caTr V ^"f 6 beta -9 ,ucosidase ««*"•. a " a 'Pha- or beta-galactosidase enzyme, a pectinase enzyme 
VXTl a T 6 ' ° r 3 9' uc °- ani y |ase enz y me « a PH at which the enzyme is active, typica ly from about ^Tto 
o, ^l P n 3 , 3t 3 l emperature of about 25 ° c to ab °"« 75°C, more preferably about 45-cTo about 65^ for a period 
o^time .uthaent to effect the conversion, typfcally about 1 hour to about 24 hours, preferably about 1 hour to abou°3 

35 dule^ For Ixamnl'T 6 iS0, ' aV ° neS f n be separated from a P la "t substrate using conventional separation proce- 

we Qht lone* The ^S,"""^ " V ° neS ^ 3 S ° y °< ^ SUbS,ra,e With a low molec " la ^ 

ITses o bv HPLC In a , ,S ° flaVO ? eS ^ 3y be Separated from the »V conventional recrystallisation proc- 

u«sed i tL oretn^ . Partl °f rly pre1ened embod ™^ a " "«»"«von. composition isolated from a soy substrate and 
Uhhsed ,n the present com P os ltl ons or methods includes at least 40% genistein, at least 15% daidzein and at least 1% 

« 9 i r d :° ridTnt" 13 ^ pr f erred embodiment ° f the invent,on - an is ° ,iav ° ne c °^° s *°» -^^H 

aue^ 0.5% glycrtet Pr6Se C ° mP ° Sltl0nS ° r me,h ° ds contains at leas « 85% genistein, a. least 5% daidzein, and 

maTbe oure^ f T '"TT" 9 C ° mpOUnds u,ilised in lhe P res ^t composition are commercialfy available, and 
™t ^ j formulation ,nto the present compositions or used in the present methods of the invention For 

« cor P p j: v 9 n e c mst P e ^ toT^ r d 9l ? ei : are , commeraai| y — ^ b « pu^—d fr0 m ,^„. chi^ 

STmO^ H p t?' ,T : ' 6W JerB6y ° 8876 - Bi ° Chanin A iS aVailable ,rom Aldrch Chemi cal Company, 
inc., 940 West Saint Paul Avenue, Milwaukee, Wisconsin 53233 

[0058] The plant sterol and the soy protein material and/or the isoflavone may be combined into a composition of 

tnZTo ZT" ^ I'" 9 C ° mPOnentS ,096ther ' and Preferably ,h0mu 9hly mixing them For eTamp Til 
plant sterol and the soy protein material and/or the isoflavone may be combined by placing the materials in a choooina 
ro or a mrxmg bowl and mixing the materials for a sufficient time to thoroughly blend Wem P 9 

[0059] Preferably the components are mixed together so that the resulting composition contains a biolooballv 
active amount of each of the components, although the composMon is no, iimited to having btolS^ S 
IZ» COmp °" en " herein since th * composition may be administered more than once in order to achTe^e a desired 
decrease ,n LDL and total cholesterol blood concentrations. Preferably the composition contains from 3^0^500^0 to 

ntln 9 ° P S ' er0lS ,h6rein ' m ° re Preferably fr ° m about 1 9 10 about 10 9 °'tne plant steroTs W^en theX 
portion contajn. a soy protein material preferably from about 5 g to about 1 00 g of the soy protein r^teriahs ^ preset 

os « on W P h 0 e S n rtl « 0 he IT™* ^ ^ 1 ° 9 '° ab ° U ' 4 ° 9 °' me S ° y Pr ° tein material is P-en. in thTcom- 

pos„,on. When the composition contains isoflavones preferably from about 10 mg to about 1 000 mg of the isoflavones 
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are present In the composition, and more preferably from about 25 mg to about 200 mg ot the isoflavones are present 
in the composition. 

* 

[0060] in a preferred embodiment the plant sterol and the soy protein material and/or the isoflavone are formulated 
into a pharmaceutical or over-the-counter delivery system with suitable excipients. Pharmaceutical or over-the-counter 
. formulations tncorporating the plant sterol and the soy protein material and/or the isoflavone can be prepared by proce- 
dures known In the art. For example, the components of the present invention can be formulated into tablets capsules 
powders, suspenses, solutions for parenteral administration including intravenous, intramuscular, and subcutaneous 
administration, and into solutions for application onto patches for transdermal application with common and conven- 
tional carriers, binders, diluents, and excipients. 

[0061) Inert pharmaceutically acceptable excipients useful to form pharmaceutical or over-the-counter formulations 
in accordance with the present invention include starch, mannitol, calcium sulphate, dicaicium phosphate, magnesium 
stearate, silicic derivatives, and/or sugars such as sucrose, lactose, and glucose. Binding agents include carboxymethyl 
cellulose and other cellulose derivatives, gelatin, natural and synthetic gums including alginates such as sodium algi- 
nate, polyethylene glycol, waxes and the like. Diluents useful in the invention include a suitable oil, saline sugar solu- 
tions such as aqueous dextrose or aqueous glucose, and glycols such as polyethylene or polypropylene glycol Other 
exctpients include lubricants such as sodium oleate, sodium acetate, sodium stearate, sodium chloride sodium ben- 
zoate, talc, and magnesium stearate, and the like; disintegrating agents including agar, calcium carbonate sodium 
b.carbonate, starch, xanthan gum, and the like; and adsorptive carriers such as bentonite and kaolin. Colouring and fla- 
vouring agents may also be added to the pharmaceutical or over-the counter formulations. 

[0062] In another preferred embodiment dietary supplements incorporating the plant sterol and the soy protein 
material and/or the isoflavone can be prepared by adding each of the components to a food as a food ingredient or by 
adding a mixture of the components to a food as a food ingredient. The foods to which these components may be added 
include almost all foods, but most preferably are foods in which soy protein materials or vegetable oils containing plant 
sterols are used as functional ingredients. For example, the plant sterol and the soy protein material and/or the isofla- 
vone can be added to foods including, but not limited to, meats such as ground meats, emulsified meats, and marinated 
meats; beverages such as nutritional beverages, sports beverages, protein fortified beverages, juices milk milk alter- 
natives, and weight loss beverages; cheeses such as hard and soft cheeses, cream cheese, and cottage cheese- fro- 
zen desserts such as ice cream, ice milk, low fat frozen desserts, and non-dairy frozen desserts; yoghurts- soups- 
puddings; bakery products; salad dressings; and dips and spreads such as mayonnaise and chip dips. Most preferably 
the plant sterol and the soy protein material, with or without the isoflavones, are mixed in a aqueous slurry to form an 
emulsion which lS particularly useful in emulsive foods and beverages such as salad dressings, yoghurts soy cheeses 
emulsified meats, and powdered beverages. 

[0063] The following non-limiting formulations illustrate pharmaceutical and dietary formulations including the plant 
sterols and the soy protein and/or the isoflavone compounds in accordance with the compositions of the present inven- 
tion and which may be used in accordance with the methods of the present invention. 

FORMULATIONS 

[0064] The following Formulations 1 -4 illustrate pharmaceutical or over-the-counter formulations including a plant 
sterol and a soy protein materia) and/or an isoflavone useful in the compositions of the present invention. 

Formulation 1 

Gelatin capsules 

[0065] Hard gelatin capsules are prepared using the following ingredients: Isoflavone 25-100 mg/capsule- Plant 
sterol 500-2000 mg/capsule; Starch, NF 0- 1000 mg/capsule; Starch flowable powder 0 - 1000 mg/ capsule- Silicone 
fluid 350 centistokes 0 -20 mg/capsule. The ingredients are mixed, passed through a sieve, and filled into capsules. 

Formulation 2 

Tablets 

l°r!frfi TabiStS ^ pre P ared usin 9 the following ingredients: Plant sterol 250-500 mg/tablet; Soy protein material 
1 000-2000 mg/tablet; Microcrystalline cellulose 20-300 mg/tablet; Starch 0-50 mg/tablet; Magnesium stearate or stea- 
rate acid 0-15 mg/tablet; Silicon dioxide, fumed 0-400 mg/tablet; silicon dioxide, colloidal 0-1 mg/tablet, and lactose 0- 
100 mg/tablet. The ingredients are blended and compressed to form tablets 
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Formulation 3 

* Suspensions 

5^ [0067] Suspensions are prepared using the following ingredients: Isoflavone 0.1-200 mg/5ml; Plant sterol 250-2000 
mg/5ml; Soy protein material 500-2000 mg/5ml; Sodium carboxym ethyl cellulose 50-700 mg/5ml; Sodium benzoate 0- 
1 0 mg/5ml; Purified water 5 ml; and flavour and colour agents as needed. 

Formulation 4 

Parenteral solutions 

[0068] A parenteral composition is prepared by stirring 1.5% by weight of active ingredients (active ingredients 
being soy protein material, plant sterol, and isoflavone in a weight ratio of 5:4:1) in 10% by volume propylene glycol and 
15 water. The solution is made isotonic with sodium chloride and sterilised. 

[0069] The following Formulations 5-8 illustrate dietary supplements that may be formed using a plant sterol and a 
soy protein isolate rich in the isoflavone compounds utilised in the present compositions. The isoflavone rich soy protein 
isolate in the following examples typically contains between about 1 to about 7 milligrams of the isoflavone compounds 
per gram of soy protein. 

20 

Formulation 5 

Ready to drink beverage 
25 [0070] A ready to drink beverage is formed of the following components: 



Inaredient 


Percent of composition, 
by weiqht 


Water 


75 - 82 


Isoflavone rich soy protein isolate 


10 - 15 


Plant sterol 


3-5 


Sucrose 


5 - 8 


Cocoa 


0.1 - 1 


Vitamins/Minerals 


0.1 - 1 


Flavour 


0.1 - 1 


Cellulose gel 


0.1 - 0.5 



45 [0071] The ready to drink beverage may be served in 8 ounce servings containing about 20 grams of isolated soy 
protein including about 20 to about 140 milligrams of the isoflavone compounds and about 6 grams of plant sterol. 

Formulation^ 

so Powdered beverage 

[0072] A powdered beverage is formed of the following components: 



55 
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I ngredient 


Percent of composition, 
bv weiaht 


isoflavone rich soy protein isolate 


75-85 


Plant sterol 


5 - 10 


Sucrose 


8 - 15 


Maltodextrtn 


1 - 5 


Vitamins/Minerals 


0.5 - 2 


Aspartame 


0 - 0.5 


Flavour 


0 - 0.5 



[0073] 30 grams of the powdered beverage formulation may be added to water to form a serving containing about 
23 grams of soy protein isolate including about 23 to about 1 61 milligrams of the isoflavone compounds and about 2.5 
o grams of plant sterol. 

Formulation 7 

Food bar 

5 

[0074] A food bar is formed of the following components: 



Ingredients 


Percent of composition, 
by weiaht 


Isoflavone rich soy protein isolate 


20 - 30 


Plant sterol 


1 - 5 


Corn syrup 


30-45 


Rice syrup solids 


7-14 


Glycerin 


1 -5 


Cocoa 


2 - 7 


Compound coating 


15 - 25 



[0075] The food bar may be served in 70 gram portions containing about 15 grams of soy protein isolate having 
*s about 15 to about 105 milligrams of the isoflavone compounds and about 2 grams of plant sterol. 

Form ula t i on 8 

Soy yoghur t 

50 

[0076] A soy yoghurt is formed of the following components: 



Inaredients 


Percent of composition, 
by weiaht 


Water 


50 - 70 
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(continued) 



Inaredients 


Percent of composition, 
by weight 


Isoflavone rich soy protein isolate 


5 - 15 


Plant sterol 


5 - 15 


Sucrose 


3 - 8 


Corn starch 


1 -5 


Dextrin 


0.3 - 1 


Cellulose gel 


1 - 3 


Culture (yoghurt) 


0 01 -0.1 


Fruit 


10-20 


Vitamins/Minerals 


0 05-0.3 



[0077] The soy yoghurt may be served in a 170 gram serving containing about 1 7 grams of soy protein isolate hav- 
20 ing about 1 7 to about 1 70 milligrams of isoflavone compounds and containing about 17 grams of plant sterol. 

Me th o ds 

[0078] The present invention is also directed to methods of decreasing the blood concentration of low density lipo- 

25 protein cholesterol or total cholesterol in a human with a plant sterol and a soy protein material and/or an isoflavone 
compound. To decrease the blood concentration of LDL cholesterol and total cholesterol the plant sterol is co-adminis- 
tered to the human with the soy protein material and/or the isoflavone compound on an ongoing regular basis, prefera- 
bly daily The plant sterol is preferably p-sitosterol, campesterol, stigmasterol, sitostanol or campestanol, as described 
above. The soy protein material is either a soy hypocotyl material or a soy protein material containing at least 49% soy 

30 protein by dry weight of the soy protein material such as a soy flour, grit, concentrate, or isolate. The isoflavone com- 
pound is selected from one or more of genistein, daidzein, glycitein, biochanin A, formononetin, and their naturally 
occurring glycosides or glycoside conjugates, as described above. The plant sterol and the soy protein material and/or 
the isoflavone are preferably administered in a pharmaceutical or over-the-counter composition or as a dietary supple- 
ment, as described above, depending on which route is more effective and/or acceptable. 

35 [0079] The plant sterol and the soy protein material and/or the isoflavone compound may be co-administered either 
concurrently or sequentially within a specified period of time, preferably daily, on a periodic basis. Most preferably the 
plant sterol and the soy protein material and/or the isoflavone compound are co- administered concurrently in a compo- 
sition of the present invention, described above. Alternatively, the plant sterol and the soy protein and/or the isoflavone 
compound are administered sequentially as separate components. "Sequentially" as used herein is intended to mean 

4o administration of each component individually within a specified periodic period of time, for example one day, and is not 
intended to be limited to immediate consecutive administration of each component 

[0080] The plant sterol and the soy protein material and/or the isoflavone compound are administered to a human 
in an amount which is effective to deliver a blood cholesterol concentration decreasing amount of each component to 
the human. The particular dosage of each component effective to deliver a blood cholesterol concentration decreasing 

45 dosage of each component will depend on several factors including the size of the human to which the component is 
administered, the blood cholesterol concentration of the human to which the component is administered, and the route 
of administration of the component. Preferably, the plant sterol is administered in a dose of from 500 mg/day to 50 g/day, 
and more preferably from 1 g/day to 5 g/day, on an ongoing basis, to deliver a blood cholesterol decreasing dose of the 
plant sterol. Preferably, if administered, the soy protein material is administered in a dose of from 5 g/day to 100 g/day, 

so and more preferably from 10 g/day to 30 g/day, to deliver a blood cholesterol decreasing dose of the soy protein mate- 
rial. Preferably, if administered, the isoflavone is administered in a dose of 10 mg/day to 1000 mg/day, more preferably 
from 25 mg/day to 200 mg/day, to deliver a blood cholesterol decreasing dose of the isoflavone compound. 
[0081] When co-administered in amounts effective to individually decrease LDL and total blood cholesterol concen- 
trations, the plant sterol and the soy protein material and/or the isoflavone co-operativety decrease these blood choles- 

55 terol concentrations in a human. Plant sterols, soy protein materials, and the isoflavones utilised in the present method 
decrease LDL and total blood cholesterol concentrations in humans by distinct mechanisms, or distinct combinations of 
mechanisms which may overlap to some extent. The cholesterol lowering mechanism(s) of each of these materials is 
believed to interact with such mechanisms of the other materials to accelerate the activity of the cholesterol lowering 
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mechanisms of the other materials. The accelerated activity of the cholesterol lowering mechanisms of the combined 
cholesterol reducing components causes a collective decrease in LDL and total cholesterol concentrations in the blood 
•which is greater than the decrease in LDL and total cholesterol blood concentrations caused by each of the components 
separately. 

.[0082] For example, one mechanism by which co- administration of a plant sterol, a soy protein material and an iso- 
flavone may synergistlcaily decrease LDL and total cholesterol concentrations In the blood combines certain aspects of 
proposed cholesterol lowering mechanisms of each material. It is known that plant sterols appear to affect the entero- 
hepatjc circulation balance between cholesterol and bile acids by preventing absorption of dietary cholesterol in the 
intestine. This reduces cholesterol feedback in enterohepatic cholesterol circulation regulation, creating a need for cho- 
lesterol in the liver to synthesise bile acids. The liver can obtain the necessary cholesterol from the blood through LDL 
cholesterol receptors in liver cells, which are upregutated by administration of plant sterols, or can synthesise the 
requtred cholesterol. Blood cholesterol concentrations drop if the cholesterol required by the liver is removed from the 
blood. 

[0083] One known mechanism by which soy protein appears to decrease LDL and total cholesterol concentrations 
in the blood is by increasing faecal bile acid excretion. Increased faecal bile acid excretion induces the liver to produce 
more bile acids, utilising cholesterol as a substrate in the production of the bile acids. As noted above the liver can 
obtain cholesterol for the synthesis of bile acids from the blood, lowering blood cholesterol concentrations. 
[0084] Combined administration of a plant sterol and soy protein in accordance with the present invention may 
cause a co-operative adjustment of enterohepatic cholesterol homeostasis which results in significantly lower LDL and 
total cholesterol concentrations in the blood. Inhibition of intestinal absorption of dietary cholesterol by a plant sterol 
may produce a hepatic deficiency of cholesterol which is relieved in part by pulling cholesterol from the blood. Increased 
faecal bile acid excretion induced by soy protein may exacerbate the hepatic cholesterol deficiency caused by the plant 
sterol by increasing the removal of cholesterol from the liver as a bile acid substrate, which is relieved in part by drawinq 
further cholesterol from the blood. 

[0085] The isoflavones utilised in the present invention are effective to co-operatively lower LDL and total choles- 
terol concentrations in combination with a plant sterol, or with a plant sterol and a soy protein material, in part because 
the isoflavones may upregulate or increase the number of hepatic LDL cholesterol- receptors. The isoflavones utilised 
m the present invention are genistein, daidzein, glycltein, formononetin, biochanm A, and their respective glycosides 
and glycoside conjugates, which are phytoestrogens that are known to have estrogenic effects in vivo. Estrogen 
increases the number of hepatic LDL cholesterol receptors, which increases the clearance of LDL cholesterol particles 
from blood plasma into the liver. In accordance with the present invention, increased upregulation or numbers of hepatic 
LDL cholesterol receptors induced by the estrogenic effects of the isoflavone(s), in co-ordination with an increased 
demand for cholesterol in the liver induced by the plant sterol and/or the soy protein material, may significantly promote 
the clearance of LDL cholesterol from the blood into the liver. 

[0086] The method of the present invention, however, is not to be limited to a specific mechanism of action, partic- 
ularly since there may be several mechanisms by which the co- administered plant sterol, isoflavone(s), and/orsoy pro- 
tein material reduce LDL and total cholesterol concentrations in the blood. For example, in addition to altering 
cholesterol homeostasis by increasing excretion of bile acids, soy protein may decrease the concentration of LDL and 
total cholesterol in the blood as result of its high arginine amino acid content, by specific action of the 7S storage unit 
of the protein, by altering the ratio of serum glucagon to serum insulin which affects cholesterol metabolism in the liver 
or by increasing serum free thyroxine concentrations. Plant sterols also function to reduce cholesterol by mechanisms 
other than inhibition of intestinal absorption of cholesterol since plant sterols have been shown to reduce cholesterol 
levels by direct injection into the bloodstream. 

[0087] The present invention is also directed to methods of preventing or minimising the development of atheroscle- 
rosis by co-administering to a human a plant sterol and a soy protein material which is either a soy hypocotyl material 
or a soy prote.n material containing at least 49% soy protein by weight and/or at least one isoflavone selected from gen- 
istein, daidzem, glyctein, biochanin A, formononetin, and their respective naturally occurring glycosides. The plant 
sterol is preferably at least one of p-sitosterol, campesterol, stigmasterol, sitostanol, and campestanol The soy protein 
matenai is preferably soy flour, soy grit, soy protein concentrate, or soy protein isolate. The preferred methods of admin- 
istration and dosages are the same as described above with respect to administering a plant sterol and a soy protein 
material and/or an isoflavone to lower LDL and total blood cholesterol concentrations. 

[0088] As described above, the plant sterol and the soy protein material and/or the isoflavones are effective to co- 
operatively decrease LDL and total blood cholesterol concentrations when admtnistered to a human ,n amounts suffi- 
cient to induce the cholesterol lowering activity of each compound. Elevated levels of LDL cholesterol in the blood have 
been linked to the development of atherosclerosis, since the LDL cholesterol is the key component in the formation of 
atherosclerotic plaque. Therefore, the combination of LDL cholesterol lowering plant sterols, soy protein materials 
and/or isoflavones are effective to prevent or minimise the development of atherosclerosis. 

[0089] In a preferred embodiment, the isoflavone is always co-administered in combination with the plant sterol to 
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prevent or minimise the development of atherosclerosis, regardless whether the soy protein material is administered, 
since the isoflavone provides a nti- atherosclerotic activity in addition to lowering the blood concentration of LDL choles- 

t terol. Specifically, these isoflavones provide significant protection against atherosclerosis at the vascular level. The iso- 
flavones - particularly the aglucone isoflavones genistein, daidzein, biochanin A, and formononetin -- inhibit oxidation 

5 of LDL cholesterol. Oxidation of LDL cholesterol is a key step in the formation of atherosclerotic plaques since oxidation 
* of LDL cholesterol increases its atherogenicity. Some of the isoflavones, particularly genistein, daidzein, and biochanin 
A, are also tyrosine kinase inhibitors which inhibit the formation of atherosclerotic lesions and thrombin by inhibiting 
enzymatic tyrosine kinase activity, Therefore, co- administration of plant sterols and at least one of the isoflavones in 
accordance with the present invention, with or without a soy protein material, prevents or minimises the development of 

w atherosclerosis, both by co-operatively lowering LDL and total cholesterol levels in the blood and by inhibiting the mech- 
anisms of formation and growth of atherosclerotic plaques. 

EXAMPLE 1 

is [0090] Five to fifty men are selected for clinical study. The men are diagnosed with moderate to high hypercholes- 
teremia, e.g. having total blood cholesterol levels of 250 mg/dl or higher. The men are divided into five groups, the first 
of which receives 30g of an isoflavone-free isolated soy protein dietary supplement (from which the isoflavones have 
been removed by alcohol extraction) (the "soy" group), the second of which receives 5g of a plant sterol dietary supple- 
ment which contains the plant sterol (3-sitosterol (the "plant sterol" group), the third of which receives 75 mg of an iso- 

20 flavone dietary supplement which contains the isoflavones genistein and daidzein (the "isoflavone" group), the fourth of 
which receives a dietary supplement containing 30 g isolated soy protein, 5 g of the plant sterol p-sitosterol, and 75 mg 
of the isoflavones genistein and daidzein (the 'combination" group), and the fifth of which receives no dietary supple- 
ment (the "control" group). The diets of the groups are selected to include no further source of isoflavones, plant sterols 
and soy protein, and no source of estrogen is administered to either of the two groups. The diets are continued for 6 

25 months. 

[0091 ] Prior to beginning the diets, the patients are benchmarked as to total and low density lipoprotein blood cho- 
lesterol levels. The benchmarked symptoms are measured again for each group after the groups have been on the 
respective diets for 6 months. The results are compared between members of each group and between the beginning 
of the study and end of the study for each member. Enhanced activity in reducing LDL and total blood cholesterol levels 
30 by the combination of a plant sterol, a soy protein material, and an isoflavone is shown by a greater percent decrease 
of the LDL or total blood cholesterol levels in the combination group relative the soy group, the plant sterol group, the 
isoflavone group, and the control group. 

[0092] Utility of the combination of the plant sterols and soy protein material and/or isoflavones for lowering LDL 
blood cholesterol concentrations in a human is evidenced by activity in the above example. 

35 

EXAMPLE 2 

[0093] Five to fifty women are selected for clinical study. The women are postmenopausal and have been diag- 
nosed with atherosclerosis, i.e., have been diagnosed with atherosclerotic plaque including stenotic plaque and occlu- 

40 sive plaque. The women are divided into five groups, the first of which receives 30g of an isoflavone-free isolated soy 
protein dietary supplement {from which the isoflavones have been removed by alcohol extraction) (the "soy" group), the 
second of which receives 5g of a plant sterol dietary supplement which contains the plant sterol p-sitosterol (the "plant 
sterol" group), the third of which receives 75 mg of an isoflavone dietary supplement which contains the isoflavones 
genistein and daidzein (the "isoflavone" group), the fourth of which receives a dietary supplement containing 30 g iso- 

45 lated soy protein, 5 g of the plant sterol fi-sitosterol, and 75 mg of the isoflavones genistein and daidzein (the "combi- 
nation" group), and the fifth of which receives no dietary supplement (the "control" group). The diets of the groups are 
selected to include no further source of isoflavones, plant sterols and soy protein, and no source of estrogen is admin- 
istered to either of the two groups. The diets are continued for 6 months. 

[0094] Prior to beginning the diets, the patients are benchmarked as to total biood cholesterol levels; high density 
50 and low density lipoprotein blood cholesterol levels; estrogen levels; and degree of stenosis and atherosclerotic plaque 
in a selected blood vessel to be studied for vascular reactivity non-invasively (e.g., using high resolution ultrasound), 
such as the superficial femoral artery or the brachial artery. The benchmarked symptoms are measured again for each 
group after the groups have been on the respective diets for 6 months. The results are compared between members of 
each group and between the beginning of the study and end of the study for each member. Enhanced anti-atheroscle- 
55 rotic activity of the combination of compounds relative to ^-sitosterol, isolated soy protein, the isoflavones genistein and 
daidzein, and no treatment is shown by either a greater reduction of atherosclerotic plaque and stenosis or the least 
amount of incremental increase of atherosclerotic plaque or stenosis in the combination group relative to the soy group, 
the plant sterol group, the isoflavone group, and the control group. 
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[0095] Utility of the combination of the plant sterols and soy protein material and/or isoflavones for preventing or 
minimising the development of atherosclerotic plaque in a human is evidenced by activity in the above example. 

4 

Claims 

*1. A composition, comprising: a soy protein material containing at least 49% soy protein by dry weight of the soy pro- 
tein material; and a plant sterol, where said plant sterol comprises at least 0.49% of said composition by weight. 

2. A composition according to claim 1, additionally comprising at least one isoflavone selected from genistein, daid- 
» zein, glycitein, biochanin A, formononet'm, and their naturally occurring glycosides and glycoside conjugates. 

3. A composition according to claim 2, wherein said isoflavone comprises at least 0.0066% of said composition by 
weight. 

> 4. A composition according to any one of the preceding claims, wherein said soy protein material is a soy protein iso- 
late. 

5. A composition according to any one of the preceding claims, wherein said soy protein material is at least one of soy 
protein concentrate, soy flour, and soy grit. 

■) 

6. A composition according to any one of the preceding claims, wherein said plant sterol is at least one of p-sitosterol, 
campesterol, stigmasterol, s'rtostanol, and campestanol. 

7. A composition according to any one of the preceding claims, further comprising an excipient, wherein said plant 
5 sterol, said soy protein material, said isoflavone, and said excipient are combined into a pharmaceutical or over- 
the-counter preparation. 

8. A composition according to claim 6, wherein said pharmaceutical or over-the-counter preparation is a tablet, cap- 
sule, powder, suspension, or solution. 

o 

9. A composition according to any one of claims 1 to 6, further comprising water, wherein said plant sterol, said soy 
protein material, said isoflavone, and said water are combined into an aqueous emulsion. 

10. A composition according to any one of claims 1 to 5 and 9, incorporated into a food material. 

■5 

11. A composition, comprising; at least one isoflavone selected from genistein, daidzein, glycitein, biochanin A, for- 
mononetin, and their naturally occurring glycosides and glycoside conjugates; and a plant sterol, where said plant 
sterol comprises at least 0.49% of said composition by weight. 

'o 12. A composition according to claim 1 1 , wherein said plant sterol is at least one of fJ- sitosterol, campesterol, stigmas- 
terol, sftostanol, and campestanol. 

13. A composition according to claim 1 1 or claim 12, wherein said isoflavone comprises at least 0.0066% of said com- 
position by weight. 

15 

14. A composition according to any one of claims 1 1 to 1 3, further comprising an excipient, where said plant sterol, said 
isoflavone, and said excipient are combined into a pharmaceutical or over-the-counter preparation. 

15. A composition according to claim 14, wherein said pharmaceutical or over-the-counter preparation is a tablet, cap- 
>o sule, powder, suspension, or solution. 

16. A composition according to any one of claims 1 1 to 1 5, further comprising water, wherein said plant sterol and said 
isoflavone are combined into an aqueous emulsion. 

55 17. A composition according to any one of claims 1 1 to 1 3, incorporated into a food material. 

18. A composition, comprising: a soy hypocotyl material; and a plant sterol, where said plant sterol comprises at least 
0.49% of said composition by weight. 
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19- A composition according to claim 18, further comprising at least one isoflavone selected from genisteln, daidzeln, 
glycitein biochanln A, formononetln, and their naturally occurring glycosides and glycoside conjugates. 

20. A composition according to claim 18 or claim 19, wherein said plant sterol is at least one of p-sitosterol, campes- 
5 terol, stigmasterol, sitostanol, or campestanol. 

21- A composition according to any one of claims 1 to 20 for use as a medicament for lowering blood concentration of 
total and low density lipoprotein cholesterol in a human. 

w 22. A composition according to any one of claims 1 to 20 for use as a medicament for preventing or minimising the 
development of atherosclerosis. 

23. A composition according to claim 21 or claim 22, wherein said plant sterol, soy protein, and isoflavone are pack- 
aged for concurrent administration. 

75 

24. A composition according to claim 21 or claim 22, wherein said plant sterol, soy protein, and isoflavone are pack- 
aged for sequential administration. 

25. A composition according to any one of claims 21 to 24, wherein said plant sterol is packaged for administration in 
20 a dose of from about 500 mg/day to about 50 g/day. 

26. A composition according to any one of claims 21 to 25, wherein said soy protein material is packaged for adminis- 
tration in an amount of from about 5 g/day to about 1 00 g/day. 

25 27. A composition according to any one of claims 21 to 26, wherein said isoflavone is packaged for administration in 
an amount of from about 10 mg/day to about 1000 mg/day. 
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